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INTRODUCTION 
Theoretical studies on maize productivity have indicated 
a potential yield advantage for upright leaf orientations if 
planted at sufficiently high plant densities. This yield ad­
vantage should theoretically be realized by the more effi­
cient utilization of solar energy at relatively high plant 
densities. At lower plant densities, horizontal leaf orienta­
tion would be expected to yield best. 
During the growing seasons of 1972 and 1973. field studies 
were conducted to evaluate leaf orientation and plant density 
effects on maize productivity. Specific objectives of the 
research were» 
1. To determine if, under field conditions, a yield ad­
vantage for upright leaf orientations on maize could 
be demonstrated. 
2. To evaluate plant-density effects on maize produc­
tivity and the interaction of density and leaf 
orientation. 
3. To study plant and canopy characters of maize having 
different leaf orientations and to determine what 
effects these characters might have on yield. 
4. To evaluate methods of selecting for different leaf 
orientations by visual means and physical measurements. 
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REVIEW OF LITERATURE 
The following review of literature will primarily be 
concerned with how leaf orientation and planting density in­
fluences yield of maize. Row spacing and tassel influence on 
yields will also be included. 
Leaf Orientation, Area, and Light Utilization 
Loomis and Williams (1963) stated "major limiting factors 
to total seasonal yields appear to be leaf area, its manner of 
display, and COg supply." The following will primarily be con­
cerned with the leaf area and leaf orientation of maize. 
Attempts have been made to determine how much of the 
available solar energy is actually used (i.e., converted into 
chemical energy) by a maize crop. Disappointingly low values 
have been found. For example, Kurbatov and Dovnar (196I) 
estimated it at yfo. Loomis and Williams (I963) estimated a 
maximum of 5^ and later showed the highest rate for a maize 
hybrid at 3.5# (Williams, Loomis, and Lepley, I965). 
The photosynthetic rate in corn leaves at various levels 
of illumination indicates most efficient utilization of solar 
energy takes place at an intensity considerably less than 
that of full sunlight (Hesketh and Musgrave, 1962; Waggoner, 
Moss, and Hesketh, I963). A theoretical study of light inter­
ception indicates a lower light intensity will be received by 
chloroplasts as leaves become more vertical in orientation 
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(Anderson, I966). This would result in a more efficient 
utilization of solar energy. Other researchers studying the 
influence of leaf orientation have drawn the same conclusion 
(Duncan et al., 1967b; Loomis, Williams, and Duncan, I967). 
When leaves of maize are more vertical in orientation 
they intercept less light at solar noon. More leaf surface 
per unit land area will then be needed to intercept all the 
light (Duncan, 1969; Monteith, 1965; Saeki, i960). Those 
working on this idea have all suggested a leaf area index 
(LAI) of at least five will be needed to start capitalizing 
on vertical leaf orientation. In a more recent paper on the 
theoretical advantages of vertical leaf orientation in maize, 
Duncan (1971) showed that if leaves were erect at the top of 
the plant and gradually approached a horizontal orientation 
toward the base of the plant, an LAI of approximately ten would 
be needed for maximum dry matter accumulation. 
Duncan (1971) pointed out the importance of leaves being 
stiff or rigid their entire length when he said "...photo-
synthetic efficiency of grass-like plants might decrease 
rapidly as the upper ends of the leaves bent over." Leaf 
"flagging" increases shading of leaves lower in the canopy. 
Improved ear development has been obtained by mechanically 
supporting leaves above the ear in an upright orientation 
(Pendleton et al., 1968; Winter and Ohlrogge, 1973). Winter 
and Ohlrogge (1973) concluded that the upright leaf orienta­
tion above the ear would be of benefit only at plant densities 
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achieving an LAI of five or more. This is in agreement with 
most theoretical studies (Duncan et al., 1967b; Monteith, 1965; 
Saeki, i960). 
Studies on reduced light intensity during different stages 
of maize development have shown the pollen-shed-to-silk inter­
val of maize to be most critical to grain yield (Earley et al., 
1967; Mcllrath and Earley, I96I). "Light enrichment" studies 
have further demonstrated the critical need for light within 
the maize canopy during the reproductive phase of growth 
(Pendleton, Egli, and Peters, 1967; Prine, I96I; Winter and 
Pendleton, 1970). A better distribution of light through the 
canopy, as obtained with upright leaf orientation, should prove 
beneficial to grain yield in maize. Yield data indicates an 
enhanced grain yield if light penetration is increased during 
the reproductive phase of development. Pendleton et al. (I967) 
specifically suggested breeders might select maize plants with 
characteristics permitting greater and more even light dis­
tribution through the canopy. 
Some reports do not demonstrate a grain yield advantage 
for upright leaf orientation in maize. Russell (1972) re­
ported no advantage for upright leaves. However, his findings 
could have been attributed to small differences in leaf angle 
for upright and horizontal leaf types and insufficient plant 
densities to produce the LAI needed to capitalize on upright 
leaf orientations. Hicks and Stucker (1972) also failed to 
demonstrate an advantage for maize with upright leaves. Wide 
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row spacings and insufficient plant density levels were 
probably contributing factors to the conclusions drawn. 
Reports on photosynthetic rates of maize leaves indicate 
that lower leaves are not realizing their potential contribu­
tion of photosynthate because of low light intensities (Tanner 
and Daynard, 19^7; Wright and Lemon, I966). Allowing light 
penetration deeper into the crop canopy will increase photo­
synthesis in lower leaves. Upright leaves above the ear 
should be a feasible means of getting the needed solar energy 
to leaves lower in the canopy. 
The influence of leaf angle on yield and other parameters 
has been studied on other crops. Pearce, Brown, and Blazer 
(1967) used barley seedlings to show higher net photosynthesis 
per unit land area at more vertical leaf orientations. Tanner 
et al. (1966), using wheat, oats, and barley, found that 
visual ratings of leaf orientation and yields at high plant 
densities in narrow row spacings were well correlated. Watson 
(1958) used kale and sugarbeet to study optimum LA.I needed to 
achieve maximum crop production. From this study it was con­
cluded that the optimum LAI for a crop would depend on overall 
canopy shape and manner of leaf display, with more vertical 
leaf orientations requiring a higher LAI to maximize crop 
productivity. This same conclusion was reached by Williams, 
Loomis, and Lepley (1965) for maize. 
Stinson and Moss (i960) concluded that if moisture and 
soil fertility were not limiting, low light intensity in thick 
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plantings of maize is the primary cause of reduced yields. 
This seems to be in agreement with a statement by Verhagen, 
Wilson, and Britten (I963) that "maximum production will be 
achieved by spreading the available light evenly over the 
available leaf area." It seems feasible that under the high 
light intensity at the top of the canopy more vertically in­
clined leaves will achieve a better distribution of light over 
the leaf area present by intercepting less light at the top 
of the canopy and allowing more light to penetrate to lower 
leaves. 
Plant Density 
Obviously maximum crop productivity can be achieved 
only when a sufficiently high LAI is developed and the leaves 
are displayed in a manner that allows for most efficient inter­
ception of the available light. LAI is governed in annual 
crops by the number of plants per unit land area. 
Responses of maize to increased plant density have been 
reported in many papers. Perhaps the most commonly reported 
fact is that increasing plant density results in an increase 
in the percentage of barren plants (Andrew, 196?; Cummins and 
Dobson, 1973; Genter and Camper, 1973; Stringfield, 1962; 
Woolley, Baraco, and Russell, I962). Depending on the geno­
type studied, grain yield per unit land area increased to a 
given plant density, after which it declined due to increased 
barrenness and reduced ear size (Duncan, 1958; Zuber and 
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Grogan, 1956; Zuber, Grogan, and Singleton, I960). Genotypes 
which are prolific at low populations have been observed to 
be least barren at high densities, indicating that this trait 
and high-population tolerance are positively associated (Dugan, 
Lang, and Pendleton, 1958; Lang, Pendleton, and Dugan, 1956; 
Zuber and Grogan, 1956; Zuber et al., i960). 
Male sterility in maize also appears to be associated 
with high plant-density tolerance (Meyer, 1970) and will be 
discussed later in this review. 
Another often reported response in maize is that lodging 
increases as plant density increases (Dugan et al., 1958; 
Norden, I96I; Zuber and Grogan, 1956; Zuber et al., i960). 
This would have serious implications in a maize production 
situation and strongly suggests use of short plants with 
stiff stalks if plant densities are to be increased. 
Results of some maize density studies must be interpreted 
with caution. There are reports stating that increased grain 
yield v?as obtained with each increase in planting density 
(Colville et al., 1964; Colville, 1966; Duncan, 195^; Fairbourn, 
Kemper, and Gardner, 1970; Hunter, Kannenberg, and Gamble, 
1970). These reports could be construed to mean higher plant 
densities of maize would assure higher total grain yield per 
land unit. This is not the case, because a maize genotype 
in a given environment has an optimum plant density above 
which grain yield decreases. Results which might be misin­
terpreted were obtained at low plant densities and/or in an 
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environment which reduced competition between plants. 
Generally, leaf area per plant declines as plant density 
increases (Earley, 1965; Nunez and K^prath, I969; Stickler, 
1964). From the reports on changes in leaf area per plant 
it can be concluded that doubling the plant density will re­
sult in less than a 100# increase in LAI in the crop community. 
Because of this, Brown et al. (1970) suggested that yield 
comparisons be made on a grain per LAI basis. 
Improved water-use efficiency has been shown to be 
associated with higher maize plant densities (Timmons, Holt, 
and Moraghan, I966). Reduced soil temperatures and increased 
relative humidity under high densities are probably contribut­
ing factors to this more efficient use of available moisture 
(Colville, 1968). 
Termunde, Shank, and Dirks (I963) concluded that optimum 
plant density for any maize genotype will be determined by 
genetic tolerance for stress due to planting density and the 
environment in which the crop is grown. The hybrid chosen, 
plant density used, and environmental conditions in a given 
year will dictate grain yield. For example, under a very 
unfavorable environmental condition, such as drought, very 
low plant densities will result in the best grain yields. 
Row Spacing 
While row spacing was not a variable in the research re­
ported here, Justification for the "narrow" row spacing used 
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seems appropriate. Many reports indicate that grain yield of 
maize is increased if plant density is held constant and row 
spacing is reduced (Hoff and Mederski, 196O; Lutz, Camper, 
and Jones, 1971; Mason et al., 1972? Stickler, 1964; Stivers, 
Griffith, and Christinas, 1971). At a constant density, 
narrower rows allow more space "between plants in the row, 
thus reducing competition for light and other essential fac­
tors needed for crop growth. 
Rumawas, Blair, and Bula (1971) observed more moisture 
stress in maize in narrow rows than in maize in wide rows. 
They hypothesized this to be a consequence of more shallow 
root systems on plants grown in narrow rows. Reports in the 
literature support a yield advantage for more narrow row 
spacings, particularly as plant density increases (Lutz et al., 
I97I; Mason et al., 1972). The research reported in this 
dissertation was done at a planting density much higher than 
densities currently used for grain production. Thompson 
(1967) stated that "the response to narrow rows is greatest 
at moderate to high populations." 
Plants with upright leaf orientations will especially 
need to be planted in narrow row spacings since leaves will 
not extend out from the plant as far as leaves on plants with 
horizontal leaf orientations; and therefore, will be unable to 
intercept light falling in the centers of wide rows. 
10 
Effects of the Tassel 
Duncan, Williams, and Loomis (1967a),using a computer 
model, estimated the shade cast by maize tassels would sig­
nificantly reduce photosynthate accumulation in leaves, par­
ticularly at high plant densities. They suggested selecting 
maize that had small tassels with few branches. Field experi­
ments employing complete tassel removal have shown increased 
grain yields (Grogan, 1956; Hunter, Mortimore, and Kannenberg, 
1973; Schwanke, 1965). Partial removal of tassel material 
also resulted in increased grain yields (Hunter et al., I969). 
In these studies, grain yield responses generally increased 
with increased plant densities, a consequence of decreased 
shading of upper canopy layers by tassels, better ear develop­
ment, or both. Other reports suggested tassel and ear compe­
tition for water, nutrients, and photosynthate (Anderson, 
1971; Buren, 1970). Since the tassel is the main growing 
point of maize through anthesis, it therefore attains prefer­
ence over the ear for these materials (Anderson, 1971). Ex­
cessive competition between tassel and ear results in retarda­
tion of silk development and reduced pollination (Buren, 1970). 
Sterile tassels compete less with the ear during develop­
ment than do fertile tassels. In several studies, stalk 
sugar levels increased following tassel removal (Buren, 1970; 
Chinwuba, Grogan, and Zuber, I96I; Kem, I968; Schwanke, I965) 
which the authors concluded resulted in more rapid silk growth 
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and better pollination which resulted in the higher grain 
yields observed. If the tassel is the primary growing point 
through the time of anthesis, it may have a suppressive 
effect on ear development through an apical dominance created 
by increased auxin levels in the stem. Possibly this creates ,, 
the repressive influence tassels have on ear development 
(Anderson, 1971). Whatever the relationship between tassel 
and ear development, it appears that large tassels suppress 
ear development, particularly at high plant densities (Buren, 
1970; Buren, Mock, and Anderson, 1974). 
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MATERIALS AND METHODS 
During the growing seasons of 1972 and 1973. field 
experiments were conducted to evaluate the influence of leaf 
orientation and plant density on the productivity of maize. 
Nine inbred lines, selected from a set of random inbreds 
developed by Dr. Arnel R. Hallauer from Iowa Stiff Stalk 
Synthetic, were used. The nine lines were visually chosen 
for differences in leaf orientation. Three lines were con­
sidered to have upright, three were considered to have 
intermediate, and three were considered to have horizontal 
leaf orientation (Table 1). 
Both years the experiment was arranged in a split plot 
design with planting densities as main plots and leaf orienta­
tions and lines within leaf orientations randomized as sub­
plots (Table 2). A combined analysis of variance for all 
data was also performed, excluding a "year" effect. 
Individual plots consisted of four rows 6.1 m long, 
spaced 51 cm apart, and 102 cm spacing between plots. Data 
were taken from the two center rows. In both years seeds 
were hand-planted on May 11. The plots were double planted 
and then thinned to establish stands of 39,000, 79,000, and 
158,000 plants per hectare. Weeds were controlled by a pre-
plant herbicide (alachlor) and hand cultivation. Fertilizers 
were applied prior to planting at rates of 203, 90, 90 kg 
of N-P-K per hectare for both years. 
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Table 1. The nine inbred lines selected for differences in 
leaf orientation used in this study 
Line code Line Leaf 
number Numbers Orientation 
1 SSS 7 Upright 
2 SSS 31 Upright 
3 SSS 
CO H
 Upright 
4 SSS 69 Intermediate 
5 SSS 88 Intermediate 
6 sss 173 Intermediate 
7 sss 133 Horizontal 
8 sss 214 Horizontal 
9 sss 237 Horizontal 
Table 2. Analysis of variance design for this study 
Source Degrees of freedom 
Replications 3 
Planting density (P) 2 
Error a 6 
Leaf angle (LA) 2 
P X LA 4 
Lines within LA 6 
Lines x P 12 
Error b 72 
Total 107 
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Grain yield, dry matter yield (above ground), mean leaf 
area per plant, plants per row, plant height, ear height, 
number of ears, tassel size, and light interception were re­
corded both years. In 1973» measurements also were recorded 
for kernel weight, pollen-shed-to-silk interval, leaf sizes, 
leaf orientations, and manner of leaf display. 
Dry matter yield was determined by harvesting all plants 
at ground level from one of the yield rows, weighing these 
plants-in the field, and taking a representative sample. This 
sample was weighed, dried, and reweighed to compute a mois­
ture correction factor for each plot. 
Grain yield was determined as dry shelled grain from the 
yield row not used for dry matter sampling. All ears were 
harvested, dried, and rated visually for the percentage of cob 
covered with kernels. Ears with less than 25^ of the cob 
covered were discarded. Those retained were counted as har-
vestable ears and were shelled. 
Plant height was measured (to nearest cm) as distance from 
the soil to the collar of the flag leaf. Ear height was re­
corded (to nearest cm) as distance from the soil to the node 
of the top ear. These measurements were made on six randomly 
selected plants per plot. 
Tassel measurements were taken on six random plants per 
plot, and included length of the central spike (from tassel 
tip to the collar of the flag leaf), average side branch 
length, and number of branches. A value for total tassel 
15 
material was subsequently computed from the formula: 
Total tassel material = length of central spike + 
[(number of branches) x (average branch length)]. 
In both years, light interception by the crop canopy was 
measured on July 6 and August 15. These dates represented pre-
and post-tassel periods. During 1973 two additional readings 
were taken before tasseling, July 16 and July 28. All light 
interception data were recorded between 11 a.m. and 1 p.m. 
Light interception was determined using seven filtered 
selenium photocells mounted equidistantly on a probe one meter 
long. The photocells were wired in series to a milliammeter 
and calibrated against a Weston illumination meter. The 
probe was placed horizontally across the yield rows at the 
soil level and used to measure the percent of light penetrating 
the crop canopy. The formula used to calculate light penetra­
tion wast 
n 
S I./nI_ X 100 
i=l ^ * 
where = light intensity at the soil level 
IQ = light intensity above the crop canopy 
n = number of measurements per plot 
From each plot, a single plant was selected and its leaf 
area determined using the formulai 
n 
2 (IixWiX.75) (Montgomery, 1911) 
i=l 
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where J L = length of leaf from collar to tip of blade 
W = maximum width of the leaf blade 
n = number of leaves measured on the plant 
Others have used this same formula to compute leaf areas of 
maize and consider it adequate (Francis, Rutger, and Palmer, 
1969; Pendleton and Hammond, 1969; Rutger, Francis, and Grogan, 
I97I; Williams et al., I965). The mean leaf area per plant was 
determined for each treatment by averaging the leaf area across 
replications. Preliminary findings from unpublished data 
(R. B. Pearce and J. J. Mock, Agron. Dept., ISU, Personal 
communication, 1973) indicate this technique gives an accurate 
estimation of leaf area per plant. Multiplying plant counts 
times the mean leaf area per plant resulted in a value for 
leaf area per plot. Leaf area index [LAI = leaf area (one 
side of leaf)/ground area] was calculated by the method of 
Watson (1947). 
Extinction coefficients (k) were calculated by using the 
formulai 
k = (-In Ii/lo)/L 
where; = light intensity at the soil surface (August 15) 
= light intensity above the crop canopy (August 15) 
L = LAI 
The leaf orientation on crop plants theoretically affects the 
extinction coefficient, with more upright leaves resulting in 
lower values of k (less light intercepted per unit LAI) 
(Duncan, 1971)• 
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Pollen-shed-to-silking interval was calculated in 1973» 
Date of pollen-shed was recorded when of the plants in the 
yield rows were "beginning to shed pollen, and date of silking 
was recorded when 50^ of the plants in the yield rows had 
silks visible at the tip of the ear shoot. The difference 
(in days) between ^0^ pollen-shed and 50?^ silking was defined 
as the pollen-shed to silk interval. 
In the 1973 experiment (after tassels were fully emerged), 
detailed data for the second, fourth, sixth, and eighth leaves 
(counting from the top of the plant) were recorded. These 
included leaf angle from the horizontal at the collar region 
of the leaf, leaf length, and a visual rating of leaf 
"flagging". Leaf angle was measured using a "Wards" clinometer. 
Leaf "flagging" was rated as follows» leaves that were rigid 
their entire length, and therefore prevented leaf tissue from 
being positioned parallel to the soil surface, were rated as 
"nonflagged". Leaves that had any amount of leaf tissue 
parallel to the soil surface were considered as having a 
"flagging point", that point where leaf blade and soil 
surface were parallel. The distance from the leaf collar to 
the "flagging point" was subsequently measured and leaves 
characterized as being either "gradual" or "angled" flagging 
leaf types. These measurements were made on one plant per 
plot within a yield row. 
The data collacted on length to the "flagging point", 
total length of leaf blade, and leaf angle at the base of the 
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leaf were used to establish a "Synthetic Leaf Orientation 
Value" (SLOV). 
n 
SLOV = 2^A(L^p/l^)/n 
where: A = leaf angle, from horizontal, where the leaf 
blade joins leaf collar 
L^ = length from leaf collar to "flagging point" 
L^ = total leaf blade length 
n = number of leaves measured 
SLOV estimates the ability of the leaves to maintain an upright 
angle throughout their entire length. 
All data not fully covered in the text are found in the 
Appendix. 
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RESULTS AND DISCUSSION 
A visual rating, as used to select the inbreds for this 
experiment, was valid for selecting genotypes with diverse 
leaf orientation. This was substantiated by using physical 
measurements of leaf angles, synthetic leaf orientation values 
(SLOV), and extinction coefficients (k) (Table 3)» 
Large differences existed between leaf orientation groups 
with respect to leaf angles at the plant stem (Table 3)» 
These angles were 73*8°, 63.7°, and 43.4° for upright, inter­
mediate, and horizontal leaf orientation groups, respectively. 
Variation among inbreds within a leaf orientation group was 
also large, especially within the horizontal group. 
More accurate indicators of leaf orientation would be 
SLOV and k. These factors take into account the manner of 
display for the entire leaf. Leaf angle at the plant stem 
influences leaf display but does not reflect the degree to 
which the leaf arches or bends as it extends out from the 
plant stem. The formula used to compute SLOV includes measure­
ments of both the angle of attachment and "flagging" tendency 
(amount of leaf blade bending) of leaves. The extinction co­
efficient (k) reflects light interception per unit leaf area, 
which in turn is influenced primarily by leaf orientation. 
Figure 1 indicated an inverse relationship existed between 
SLOV and k. This suggests the use of SLOV as a physical mea­
surement for indicating the amount of light intercepted per 
Table 3« Canopy and plant characters of nine lines used in 
the study 
Upright 
1 2 3 X 
Leaf angle^ 71.8 73.4 76.2 73.8 
SLCV^ 43.5 63.5 54.5 53.8 
kC 
.70 .52 .56 .59 
Leaf area (dm^)^ 44.2 67.6 50.5 54.1 
Height (cm)® 125.0 196.0 141.0 154.0 
Total tassel -
material (cm) 159.0 148.0 163.0 157.0 
"Flagging" point^ .60 .86 .71 .73 
Pollen-to-silk (days)^ 3.0 8.4 2.9 4.8 
Harvestable ears per plant^ .90 .33 1.20 .81 
^Leaf angle = leaf angle at plant stem averaged for four 
leaves (degrees above horizontal). 
^SLOV = synthetic leaf orientation value. 
= extinction coefficient of canopy. 
^Leaf area = leaf area per plant (m^). 
^Height = plant height (cm). 
f Total tassel material = mean length of tassel material 
per plant (cm). 
Flagging" point = (distance to flag point/length of 
leaf blade). 
^Pollen-to-silk = days between ^0% pollen-shed and 50$% 
silk emergence. 
^Harvestable ears per plant = ears harvested with or 
more grain cover and cob. 
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Intermediate Horizontal 
4 5 6 X 7 8 9 X 
71.0 57.1 62.9 63.7 53.0 52.1 25.1 43.4 
56.8 32.0 51.0 46.6 19.9 21.4 9.4 16.9 
.61 .76 .64 .67 .70 .65 .80 .72 
67.5 44.3 57.8 56.6 49.7 55.2 42.4 49.1 
172.0 121.0 177.0 157.0 149.0 152.0 159.0 153.0 
109.0 112.0 225.0 149.0 238.0 200.0 207.0 215.0 
.80 
.55 .80 .71 .36 .39 .34 .37 
6.4 7.3 6.5 6.8 3.8 6.2 1.9 3.9 
.78 .56 .72 .69 .54 .60 .94 .69 
Figure 1. Relationship between extinction coefficients and 
synthetic leaf orientation values measured in 1973 
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unit leaf area. SLOV is easier to measure and requires less 
sophisticated equipment than does k. 
Data used in calculating SLOVs were recorded for only 
four leaves (second, fourth, sixth, and eighth from plant top). 
Had every leaf on the plant been measured, possibly a more 
definite inverse realtionship between SLOV and k would have 
been found. Further evaluation of SLOV as a means of rating 
maize canopies for leaf display seems warranted. 
SLOVs computed for the intermediates and uprights showed 
some overlap (Table 3)« Lines 4 and 6 (intermediates) had 
higher SLOVs and lower k's than line 1 (upright). Line 4 also 
also had a higher SLOV than line 3 (upright). This resulted 
from lines 1 and 3 possessing greater flagging tendencies 
than lines 4 and 6. Data on "flagging" point location 
substantiated this (Table 3). Horizontals had the greatest 
degree of leaf flagging. Their flagging points were 
located approximately half the distance out on the leaf as 
the flagging points of the uprights and intermediates. 
Overlap of SLOV values for the uprights and intermediates 
resulted in the two groups displaying similar amounts of light 
interception per unit leaf area. As noted above, excessive 
flagging of leaves on two of the uprights was responsible for 
this overlap. This illustrates the detrimental influence leaf 
flagging can have on light distribution through maize canopies. 
Changes in plant density significantly affected the loca­
tion at which leaves flagged. Uprights ajid intermediates 
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developed flagging points nearer the leaf collar whereas the 
horizontals developed flagging points further from the leaf 
collar as plant density increased (Figure 2). 
Flagging of each inbred is presented graphically in 
Figure 3* Had any of the lines lacked flagging, the data point 
for that line would have fallen on the 45° diagonal line. As 
can be seen from the relationship between data points and the 
45° diagonal line transversing the graph, none of the lines 
totally lacked flagging. The vertical distance between data 
points and the 45° line indicates the degree of leaf flagging. 
This demonstrates the great amount of variation for flagging 
tendencies which occurred between the inbred lines used in 
this study. 
Mean leaf angles at the stem, SLOV's, and k values sub­
stantiated that the three orientation groups had leaves with 
different degrees of uprightness. Variation within orienta­
tion groups resulted in some overlap between groups, especially 
between uprights and intermediates. 
Variation for plant height and leaf area per plant be­
tween orientation groups was not associated with differences 
in leaf orientations (Table 3). Genetic differences between 
and within orientation groups probably caused the variation 
observed. 
Plants from the intermediate group had the largest leaf 
areas per plant and tallest plants. Horizontals were the 
shortest and the uprights were in between. Within leaf 
Figure 2. Location of leaf flagging points as plant density-
changed, 1973 (average of leaves 2, 4, 6, and 8 
when counting from top of plants) 
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orientation groups there was considerable variation for both 
height and leaf area per plant (Tables 4 and 5)' 
Increases in plant density always resulted in reduced 
leaf areas per plant, a phenomenon observed in earlier studies 
o-
(Earley, 1965; Nunez and Kamprath, 1969; Stickler, 1964). 
Increased plant density also resulted in taller plants. This 
too is in agreement with earlier studies of plant density 
stress (Dugan et al., 1958; Norden, 1961; Zuber and Grogan, 
1956; Zuber et al., i960). Changes in these traits, associ­
ated with increased plant density, resulted from greater inter-
plant competition. 
Significantly different quantities of tassel material 
were measured for different leaf orientation groups (Table 6). 
The horizontals had larger tassels (215 cm) than did the up­
rights (157 cm) or intermediates (1^9 cm). As noted for leaf 
display, some overlap between leaf orientation groups also 
existed for tassel size. Significant variation also existed 
within leaf orientation groups. 
Increased plant density resulted in the development of 
smaller tassels (Table 6); however, this reduction was genotype 
dependent. Reductions in tassel size with increased plant 
density were large for all lines except for line 4 which had 
a small tassel at all three plant densities. 
For all leaf orientation groups, pollen-shed-to-silk 
interval was lengthened by increased plant density (Table 7) 
indicating that leaf orientation did not appreciably influence 
31 
Table 4. Plant heights (cm) of nine maize inbreds with 
diverse leaf orientations (two-year means) 
Leaf 
orientation 
group 
Inbred 
line 
Plant 1 density (plants/ha) X for 
line 39,000 79,000 158,000 
Upright 1 113.9 128.0 133.5 125.1 
2 187.5 197.6 203.9 196.3 
3 127.6 141.3 155.3 141.4 
X 143.0 155.6 164.2 154.3 
Intermediate 4 159.0 173.8 182:1 171.6 
5 109.6 122.8 131.6 121.3 
6 166.4 180.0 185.8 177.4 
X 145.0 158.8 166.5 156.8 
Horizontal 7 133.9 152.0 160.4 148.8 
8 143.6 154.9 157.9 152.1 
9 145.4 162.0 170.1 159.2 
X 140.1 156.3 162.8 153.3 
X for plant densities 143.0 156.9 164.5 
ISD of means 
Density = 3.56 
Orientation = 3.I3 
Density x orientation = 5*42 
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Table 5» leaf area per plant (m ) developed by time of 
pollination (two-year means) 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39.000 79.000 158,000 
X for 
line 
Upright 1 .4553 .4583 .4117 .4418 
2 .7831 .6628 .5819 .6759 
3 .5840 .5052 .4269 .5053 
X .6074 .5421 .4735 .5410 
Intermediate 4 .8081 .6485 .5678 .6748 
5 .5165 .4571 .3560 .4432 
6 .6462 . 5666 .5222 .5783 
X .6569 .5574 .4820 .5655 
Horizontal 7 .5257 .5281 .4361 .4966 
8 .6227 • 5889 .4447 .5521 
9 .4403 .4552 .3772 .4242 
X .5295 .5241 .4194 .4911 
X for plant densities .5980 .5412 .4583 
LSD of means 
Density = .0220 
Orientation = .0170 
Density x orientation = .0294 
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Table 6. Total tassel material (cm) (two-year means) 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) X for 
line 39,000 79,000 158,000 
Upright 1 180.6 167.0 129.9 159.2 
2 192.6 140.1 110.1 147.6 
3 199.6 162.9 127.0 163.2 
X 191.0 156.7 122.3 156.6 
Intermediate 4 109.5 110.4 108.3 109.4 
5 144.9 111.6 79.6 112.0 
6 244.9 221.0 208.3 224.7 
X 166.4 147.7 132.0 148.7 
Hori zontal 7 270.3 235.5 208.5 238.1 
8 260.5 209.1 129.0 199.5 
9 233.3 200.8 187.3 207.1 
X 254.7 215.1 174.9 214.9 
X for plant densities 204.0 173.2 143.1 
LSD 02 of means 
Density = 14.9 
Orientation = 14.4 
Density x orientation = 24.9 
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Table ?. Pollen-shed-to-silk interval in days, 1973 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (elants/ha) 
39.000 79.000 158,000 
X for 
line 
Upright 1 2.00 3.00 4.00 3.00 
2 7.00 6.25 12.00 8.42 
3 2.00 3.00 3.75 2.92 
X 3.67 4.08 6.58 . 4.78 
Intermediate 4 4.50 6.25 8.50 6.42 
5 5.50 7.00 9.50 7.33 
6 5.50 6.50 7.50 6,50 
X 5.17 6.58 8.50 6.75 
Horizontal 7 1.25 2.50 7.50 3.75 
8 2.00 7.75 8.75 6.17 
9 " 0.00 2.25 3.50 1.92 
X 1.08 4.17 6.58 3.94 
X for plant densities 3.31 4.94 7.22 
LSD of means 
Density = 1.32 
Orientation = 1.59 
Density x orientation = 2,75 
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this trait. 
Genotypic differences for tolerance to high plant density-
stress were responsible for the variation in the number of 
harvestable ears per plant (Table 8). As plant density in­
creased, number of harvestable ears per plant was consistently 
reduced. However, the inbreds responded differently suggesting 
that differing degrees of tolerance to high density stress 
existed among these lines. 
Pollen-shed-to-silk interval showed an inverse relation­
ship with number of harvestable ears per plant (Figure 4). 
Extrapolation from these data indicated that all leaf orienta­
tion groups would be barren (i.e., fail to produce harvestable 
ears) if sufficiently long periods of time existed between the 
pollen-shed and silking stages of development. Therefore, 
barrenness could be a limiting factor to grain production, 
regardless of leaf orientation. In contrast, if extrapolation 
is made toward shorter pollen-shed-to-silk intervals, uprights 
or intermediates would have more ears per plant than hori­
zontals. Perhaps this would be a consequence of improved 
light penetration into the canopies of plants with inclined 
leaves. 
Average ears per plant of the three orientation groups 
showed that the uprights were considerably more productive 
than intermediates or horizontals. Factors other than more 
favorable light penetration through the canopies may be 
responsible for these results. Theoretically the upright leaf 
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Table 8. Harvestable ears per plant (two-year means) 
Leaf 
orientation 
group 
Inbred Plant density (-plants/ha) 
line 39.000 79,000 158,000 
X for 
line 
Upright 1 
2 
3 
.90 
.65 
1.45 
1.02 
.23 
1.32 
.73 
.11 
.82 
.90 
.33 
1.20 
1.00 .86 
.57 .81 
Intermediate 4 
5 
6 
1.02 
.86 
.96 
.88 
.61 
.77 
.44 
.21 
.44 
.78 
.56 
.72 
X .94 .75 .36 .69 
Horizontal 7 
8 
9 
.61 
.97 
1.13 
.58 
.61 
.94 
.43 
.23 
.76 
.54 
.60 
.94 
.90 .71 .47 .69 
X for plant densities .95 .77 .47 
LSD^ q^  of means 
Density = .12 
Orientation = .08 
Density x orientation = .14 
Figure 4. Relationship between harvestable ears per plant and 
pollen shed-to-silk interval at 3 plant densities 
(1973) 
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orientation on maize should favor ear formation. However, 
great genetic variation for plant factors having an influence 
on ear formation and development probably had an effect as 
great or greater than better light penetration. For example, 
line 2 was a line that possessed little potential for ear 
formation, at any plant density (Table 8). However, its 
SLOV and k values were better than those of all other lines, 
indicating that for this line, difficulty in ear formation was 
not a result of poor light penetration into the canopy but 
rather was due to other limiting factors. 
The physical attributes of lines within the leaf orienta­
tion groups displayed great variabilities. This variation was 
expected because only the manner of leaf display was considered 
when lines were chosen for use in this study. Variation for 
traits other than leaf orientation were confounding factors in 
interpreting results of data from this study. 
Absolute dry matter yields (Figure 5A) showed that the 
intermediates were more productive at all lAI's than were the 
uprights or horizontals. However, the uprights outyielded 
the horizontals at the two higher LAI levels. Therefore, at 
higher LAI's, plants with upright and intermediate leaf 
orientation are more productive than plants with horizontally 
oriented leaves. 
When considered in relative amounts (Figure 5B) the 
influence of high density planting on total dry matter yield 
was quite obvious. Across plant densities studied, increased 
Figure 5- Dry matter yields as affected by lAI and leaf 
orientation (two-year means); A: abolute amounts; 
B* relative amounts 
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density consistently resulted in higher dry matter yields. 
Significant interaction "between orientation group and LA.I was 
apparent. However, within the range of LAI*s attained in this 
study, no distinct advantage for any leaf orientation group 
could be shown. 
When net assimilation rate (NAR = dry matter assimilated 
per ultimate dm of leaf per season) was plotted against the 
canopy LAI, the three orientation groups were quite similar 
(Figure 6A). NAR declined for all leaf orientation groups as 
LAI increased, and a distinct advantage for upright leaf 
orientations could not be demonstrated. When relative NAR 
values were plotted against LAI (Figure 6B), the horizontals 
showed a more rapid decline in efficiency with increased LAI 
than did the other two orientation groups. 
Theoretical studies have indicated that LAI*s in excess 
of five must be developed to show yield advantages for upright 
leaf orientation in maize (Duncan et al., 1967b; Monteith, 
1965; Saeki, i960). The two-year LAI average in the upright 
leaf orientation group was only 5*5^ at the highest plant 
density used. Perhaps at a higher LAI (e.g., 8 or 10), a more 
distinct advantage for upright leaf orientations would have 
been shown. 
Variation of dry matter yields within leaf orientation 
groups was significant (Table 9). Plant height and leaf area 
per plant differences may have influenced variation in dry 
matter yields. Also, data from preliminary tests on these 
Figure 6. Net assimilation rate (dry matter accumulated per 
ultimate dm^ of leaf) as affected by LAI and leaf 
orientation (two-year means); A; absolute amounts; 
B» relative amounts 
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Table 9. Summary of the analysis of variance for above 
ground dry matter yield conducted on 2 years' data 
Source of variation d.f. Mean square 
Replication 7 
Plant density 2 228.15^* 
Error A 14 .84 
Leaf orientation 2 71.23^^ 
Plant density x 
leaf orientation 4 2.43 
Lines within leaf 
orientation 4 76.84^^ 
Plant density x lines 
(orientations) 
12 2.32* 
Error B 168 1.08 
Total 215 
•Significant at .05 lével of probability. 
••Significant at .01 level of probability. 
lines indicated significant variation among them for photo-
synthetic capacity; this may have contributed to differences 
in dry matter production (Personal communication, T. M. Crosbie 
and R. B. Pearce, Agronomy Department, ISU, Ames, Iowa, 1973). 
Although not measured, rate of canopy development could 
have appreciably influenced total dry matter production. A 
line that developed its foliage rapidly would have had an 
advantage over a line that was slower in developing its 
complement of leaves•because the line capable of rapid canopy 
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development would display more leaf tissue for a longer period 
of the growing season. 
At high LAI's, upright leaves on maize plants are the­
oretically most desirable. In contrast, leaves displayed 
horizontally should be advantageous in an environment generat­
ing little inter-plant competition (i.e., low LAI's). At low 
LAI upright leaf orientation would allow excessive light 
penetration to the soil, resulting in wasted light. In con­
trast, horizontally displayed leaves would tend to intercept a 
maximum amount of light by each leaf, resulting in greater 
yields per leaf area. The data from this study suggest the 
horizontal leaf orientation would perform best at low LAI 
levels (Figures 5 and 6). 
One objective of this research was to demonstrate the 
advantage of upright leaf orientations at high LAI levels. 
Contrary to expectations, the intermediates were found most 
productive at the highest plant densities (Figure 5)« Up­
rights had yields superior to those of plants with horizontal 
leaves, but inferior to the yields of the intermediates. 
Factors other than leaf orientation probably contributed to 
the yields obtained. However, maize lines having inclined 
leaves produced highest dry matter yields at maximum LAI's, 
supporting the idea that vertically oriented leaves are most 
desirable at high LAI's. 
Dry matter yields versus the percent light intercepted 
showed that distinct differences for light intercepting ability 
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existed between leaf orientation groups (Figure ?)• Also, 
the similarity between uprights and intermediates, as men­
tioned earlier in respect to SLOV's, is evident. Uprights 
never attained 95^ light interception, indicating that higher 
plant densities than those used in this study are needed to 
further evaluate upright leaf orientation. If uprights or 
intermediates are compared with horizontals at any light 
interception level, an advantage for inclined leaves is 
obvious. Evidently, intercepted light is used more effi­
ciently in the production of dry matter by plants with upright 
rather than horizontal leaves. 
Grain yields indicated that uprights had a productivity 
advantage at LAI's greater than 4.5 (Figure 8). Grain yields 
of uprights increased as LAI was increased to approximately 
5.5i but yields of intermediates and horizontals did not. 
LAI attained at the intermediate stand density (79,000 pl/ha) 
was nearly optimum for intermediate and horizontal leaf 
orientation groups. Increasing the LAI to higher levels 
resulted in significantly decreased grain yields (Table 10). 
The LAI level that would have resulted in reduced grain yields 
for the uprights is unknown and open to speculation. Further 
study is needed to determine the LAI needed to cause a decline 
in total grain yield from the upright inbreds used. 
Within each leaf orientation group, there was evidence 
of genotypic variation (Table 10). Two lines in each group 
were similar and determined the trend of the leaf orientation 
Figure ?• Dry matter yields as affected by light interception 
and leaf orientation (two-year means) 
48 
13 
KT 
'212 
yc 
511 
0» 
510 
UJ 
:8 
5 7 
^6 
o 
I 
LEAF ORIENTATION 
A UPRIGHT 
O INTERMEDIATE 
• HORIZONTAL 
•fh X X X 70 80 90 
LIGHT INTERCEPTION (%) 
100 
Figure 8. Grain yield as affected by LAI and leaf orientation 
(two-year means); A: absolute amounts; B: rela­
tive amounts 
5.0r A 
50 
% 
* 4.0h 
o 
o 
-I 
UJ 
> 
3.0 
I 2.0 
lOOr B 
90 
I 
O 80 
ë 
o 
0 70 
< 
S 
LEAF ORIENTATION 
A UPRIGHT. 
O INTERMEDIATES 
O HORIZONTALS 
4 
LAI 
6 
51 
Table 10. Grain yields. kg/ha X 
1
 
rH 1 0
 
H
 -year means) 
Leaf 
orientation Inbred Plant density (plants/ha) X for 
group line 39,000 79.000 158,000 line 
Upright 1 271.8 464.5 455.2 396.9 
2 137.3 65.6 55.1 85.9 
3 344.7 514.4 616.0 491.7 
X 251.1 347.9 375.4 324.8 
Intermediate 4 321.2 521.6 311.0 384.8 
5 212.2 180.2 70.1 154.3 
6 439.4 501,0 379.1 439.8 
X 324.0 401.0 253.5 326.0 
Horizontal 7 114.2 218.3 161.2 164.4 
8 341.4 323.2 152.3 272.6 
9 440.6 517.2 454.0 470.6 
X 298.9 352.8 256.0 302.5 
X for plant densities 291.2 367.3 294.8 
LSD 0^ of means 
Density = 65.1 
Orientation = 43»7 
Density x orientation = 75»7 
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group. One line in each leaf orientation group had consis­
tently declining grain yields as LAI increased. 
When grain yield was plotted against light interception, 
the advantage of uprights was also obvious (Figure 9)» Evi­
dently, if maize canopies that are capable of intercepting 
more than 90% of the available light do not possess upright 
leaves, barrenness will be a significant problem that must 
be solved if grain yields are to be maximized. The degree to 
which light interception could be increased in upright stands 
would be dependent upon genotype and supply of essential 
factors required for optimum grain yields. Both Figures 8 
and 9 suggest that increased maize grain yields may be attained 
with the use of higher plant densities and plants with upright 
leaf orientations. Data previously discussed showed that 
light penetration and distribution in canopies of uprights 
was more desirable than in other canopy types. Light penetra­
tion into maize canopies is essential for optimum ear develop­
ment and grain filling. At high LAI's, poor light penetra­
tion into and through the canopies of intermediates and hori­
zontals was probably a factor in reducing their grain yield. 
Extinction coefficients computed for uprights indicated a more 
favorable light distribution through the crop canopy. 
Grain yields and grain-yield components are presented in 
Table 11. All leaf angle groups displayed more barrenness 
(i.e., fewer ears per plant) as plant density was increased. 
Uprights had more ears per plant than either intermediates or 
Figure 9. Grain yield as affected by light interception 
(two-year means) 
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Table 11. Grain yield and grain-yield components (1973) 
Plant 
density 
(pl/ha) 
Yield 
component 
Leaf orientation 
Upright Intermediate Horizontal 
39,000 Total grain ; yield 
324.0 (kg/ha X 10-1) 251.1 298.9 
Ears/plant 1.00 .94 .90 
Kernels/ear 237 278 269 
Seed weight^ 66.6 87.5 73.5 
79.000 Total 347.9 401.0 . 352.8 
Ears/plant .86 .75 .71 
Kernels/ ear 206 195 213 
Seed weight 65.0 86.0 69.0 
158,000 Total 375.4 253.5 256.0 
Ears/plant 
.57 .36 .47 
Kernels/ear 153 135 127 
Seed weight 67.0 83.5 64.6 
^Seed weight = weight (g) per 300 kernels. 
horizontals at all plant densities, but the greatest difference 
occurred at the highest plant density. Number of ears per 
plant possibly was affected by the different leaf orientations 
allowing different levels of light intensity to penetrate the 
canopy interior. Alternatively, genotypic variability for 
ear development may have been as influential in determining 
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the number of ears per plant as was leaf orientation. Con­
sistently, the number of kernels per ear was reduced with in­
creased plant density. This probably resulted from fewer 
ovules per ear being formed and from less effective pollina­
tion at higher densities. Figure 4 showed that as plant 
density increased, pollen-shed to silk interval increased 
and number of harvestable ears per plant decreased. This 
decrease was not as rapid for uprights and intermediates as 
it was for horizontals. As number of ears per plant was re­
duced, the number of kernels per ear was also reduced. This 
was a consequence of the greater length of time between pollen-
shed and silking resulting in less effective pollination of the 
ear. Therefore, several plant factors, that were altered at 
high plant densities, contributed to reduced grain yield of 
intermediates and horizontals. 
The weight per 300 kernels was not consistently altered 
by plant density changes. Two of the three uprights and one 
of the three intermediates had larger seed at the highest 
plant density than at the lowest (Table 35)* All three lines 
in the horizontal leaf orientation group showed reduced seed 
size as plant density increased. The larger seed developed 
by some of the uprights suggested that upright leaf orienta­
tion allowed production of ample photosynthate but, because 
of fewer fertilized ovules at high plant densities, fertile 
kernels were not present to act as sinks for the available 
photosynthate. The reduced kernel size with increased plant 
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density found in the horizontals suggested insufficient photo-
synthate was available for seed fill. 
Reports in the literature, mentioned previously, suggested 
that at high plant densities maize grain yield was reduced by 
large tassels. Yields and various plant traits were corre­
lated with tassel size (Tables 12 and 13)• None of the corre­
lation coefficients were sufficiently large to be of conse­
quence in relating total tassel material to yields or yield 
components. 
Of particular interest was the correlation of tassel 
size and grain yield, which was expected to be negative (i.e., 
large tassels depress grain yields at high plant densities). 
The failure to show meaningful correlations between tassel 
size and grain yield was perhaps a result of large amounts of 
variation for other plant traits which could confound the 
influence of tassel size on grain yields. 
Large differences in manner of leaf display existed among 
maize inbreds used in this study. Extinction coefficients 
(k) and a synthetic leaf orientation value (SLOV) were computed 
for each line and were used as indicators of leaf orientation. 
Both values were related with upright leaf display. SLOV 
should be an accurate way to select for upright leaf orienta­
tion. 
Extinction coefficient was based on the entire maize 
canopy. Thus, k reflected overall leaf display. Different 
orientations of leaves at various levels of the canopy cannot 
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Table 12. Correlation coefficients calculated between total 
tassel material and yield and yield components at 
different plant densities (two years data) 
Total tassel material 
correlation coefficient 
39,000 
pl/ha 
79,000 
pl/ha 
158,000 
pl/ha 
Dry matter yield 
ON C
O 0
 1 -.007 .144 
Total grain yield -.072 .018 .173 
Harvestable ears 
per land area -.229 -.161 .118 
Ears per plant -.233 -.109 .130 
Table 13. Correlation coefficients calculated between total 
tassel material and yield and yield components of 
different leaf orientation groups (two-year means) 
Total tassel material 
correlation coefficient 
Upright Intermediate Horizontal 
leaf group leaf group leaf group 
.465 .126 -.244 
.057 .256 -.139 
.136 -.137 -.360 
.397 .091 .027 
Dry matter yield 
Total grain yield 
Harvestable ears 
per land area 
Ears per plant 
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be determined from k. However, leaf angle measurements in­
dicated that generally leaves below the ear were more hori­
zontal than leaves above the ear. 
The most desirable canopy should be one with leaves dis­
played upright above the ear and gradually approach a hori­
zontal orientation below the ear (Pendleton et al., I968). 
This leaf arrangement should permit light to penetrate deeper 
into the canopy and should allow more leaf area to intercept 
that light. This should subsequently result in increased 
photosynthate accumulation and ear development. This canopy 
design has also been recognized by Duncan (1971) as being 
optimal for dry matter accumulation. Computer simulation 
studies by Duncan on this canopy design have indicated total 
dry matter accumulated would increase up to an LAI of 10. An 
LAI of 10 was not achieved in this study, but one of the most 
productive lines studied (i.e., line 3) had a canopy similar 
to that described by Duncan (1971) as being highly desirable. 
Its canopy displayed extreme upright leaves above the ear, 
whereas leaves below the ear were nearly horizontal. Addi­
tionally, this line was prolific; and therefore was capable of 
resisting barrenness at high plant densities. Prolificacy and 
ear formation at high densities have been recognized as being 
positively associated traits (Dugan et al., 1958; Lang et al., 
1956; Zuber and Grogan, 1956; Zuber et al., i960). The number 
of ears per plant formed on line 3 at the highest plant density 
was attributed to both its prolificacy and desirable leaf 
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orientation. 
A contrast to line 3 was line 9 (a horizontal). This 
line had poor light penetration through the crop canopy for 
each unit of LAI, as shown by its relatively high k. This 
was a consequence of extremely horizontal leaf orientation 
and of considerable flagging. The number of ears per plant 
at the highest plant density for line 9. however, was similar 
to that of line 3 (i.e. , it was prolific) indicating that ear 
formation in maize is not exclusively related to leaf orienta­
tion and light penetration into the plant canopy. 
Dry matter production should be a function of total light 
interception and utilization by leaves, whereas grain produc­
tion involves the deposition of dry matter in the ear. Under 
stress of high plant densities, the maize ears usually either 
fail to develop or they develop too slowly for proper fertiliza­
tion. Grain yield therefore is a more complex process than 
dry matter accumulation and the probability of it failing 
under stress conditions would be greater-
Contrary to expectations, grain yields, more than dry 
matter yields, demonstrated an advantage for upright maize 
leaves at high LAI's. At the highest LAI, uprights were ex­
pected to produce highest dry matter yields, but this was not 
observed. Intermediates produced the highest dry matter 
yields. As discussed previously, the SLOV's for both uprights 
and intermediates were similar. Also, dry matter production 
with increased light interception was similar for the two 
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groups (Figure 7). Evidently maize plants with leaves in­
clined from the horizontal are capable of producing large 
amounts of plant dry matter at high levels of light inter­
ception. 
Maximum LAI levels achieved in this study were hypothe­
sized as causing the discrepancy between expected and actual 
dry matter yields. At low LAI levels, horizontally oriented 
leaves were expected to be most efficient and to produce higher 
dry matter yields than uprights. Upright leaves, at low LAI's, 
would tend to waste light by intercepting less light. Hori­
zontals, however, would have the optimum leaf display for such 
an environment and would allow the majority of their leaf area 
to intercept light. With increasing LAI, mutual shading 
among horizontal leaves would increase rapidly. In contrast, 
at high LAI'S, uprights would alloy better distribution of 
light over the leaves. 
There must be an LAI best suited to maize having an inter­
mediate leaf orientation. Perhaps the LAI most favorable for 
intermediates is in fact the maximum LAI level achieved in 
this study. If so, this would explain why intermediates pro­
duced more dry matter than uprights and horizontals at the 
maximum LAI. At that LAI, productivity of horizontals was 
influenced by mutual shading and that of the uprights was 
influenced by their inability to intercept sufficient amounts 
of light. Both horizontals and intermediates were intercept­
ing SSfo or more of the light at the highest LAI; however, the 
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uprights were not. Therefore, a greater amount of light was 
being wasted by uprights at this LAI. 
The effect of raising the LAI (possibly to 7 or 8) on the 
productivity of the maize inbred lines used in this study can 
only be hypothesized. Probably LAI's of these magnitudes would 
have maximized light interception by the uprights, but they 
would have caused increased mutual shading within intermediates 
and horizontals. The net effect might have been higher dry 
matter yields from uprights than from intermediates. Further 
field investigations to evaluate the productivity of uprights 
seem warranted. 
Several inherent differences between the lines used in 
this study confounded the results obtained. Differing degrees 
of prolificacy significantly altered grain yields at high 
LAI's. Also, significant differences in photosynthetic 
capacity among these lines probably added to the confounding 
effects. 
More field evaluations of maize genotypes possessing 
upright leaf orientations is needed. To reduce confounding of 
other plant traits, inbreds that are isogenic except for leaf 
orientation should be used. Results from this study indicate 
that maize plants possessing leaves inclined from the hori­
zontal should allow more efficient interception and use of 
solar energy= 
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SUMMARY AND CONCLUSIONS 
Data for grain and dry matter yields suggest an advantage 
in having leaves of maize upright or inclined to some extent, 
particularly in the upper portion of the canopy. Grain yield 
data, more than dry matter, showed an advantage for upright 
leaf orientations on maize. 
Upright leaf orientations were found to have the greatest 
advantage at high plant densities. More horizontal leaf 
orientations were found most productive at low plant densities. 
High plant densities affected all lines in respect to ear 
formation. Upright leaf lines were less barren than horizontal 
leaf lines as plant densities used in this study approached 
the maximum. 
Results suggest that more efficient utilization of solar 
energy can be made by maize having upright leaves, rather than 
horizontal. 
A new method (SLOV) for measuring leaf orientation was 
used which incorporated physical measurements of the canopy. 
Evaluation of SLOV was done by comparing it to the extinction 
coefficient. There was a good relationship between the two. 
SLOV is simple and involves less sophisticated equipment than 
does extinction coefficient determinations. 
The maize lines used were chosen because of their differ­
ent leaf orientations. Examination of plant canopy characters 
showed variation for many plant characters in addition to 
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differences in leaf orientation. These inherent differences 
associated with lines of diverse leaf orientation tended to 
confound results obtained and illustrates a need for using 
isolines if a single plant canopy character is to be 
evaluated. 
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APPENDIX 
Figure 10, Types of flagging tendencies observed and rated 
in 1973 
RATE=I 
NO FLAGGING POINT 
ON LEAF BLADE 
RATE =2 
FLAGGING POINT IS ON 
A GRADUALLY ARCHED 
LEAF BLADE 
RATE =3 
FLAGGING POINT IS 
A SHARP ANGLE 
ON LEAF BLADE 
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Table 14. Canopy leaf area index developed in 1972 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79,000 158,000 
X foi 
line 
Upright 1 1.18 2.24 4.03 2.48 
2 2.73 4.26 6.32 4.44 
3 2.09 2.80 4.52 3.14 
X 2.00 3.10 4.96 3.35 
Intermediate 4 2.69 4.20 6.45 4.45 
5 1.77 3.00 4.48 3.09 
6 2.30 3.28 5.69 3.76 
X 2.26 3.50 5.54 3.77 
Horizontal 7 2.09 3.81 6.19 4.03 
8 2.22 3.93 5.49 3.88 
9 1.56 2.82 3.97 2.78 
X 1.96 3.52 5.22 3.56 
X for plant densities 2.07 3.37 5.24 
LSD of means 
Density = ,15 
Orientation = .09 
Density x orientation = .16 
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Table 15. Canopy leaf area index developed in 1973 
orientation Inbred density (plants/ha) 
group line 39.000 79.000 158,000 line 
Upright 1 1.65 3.09 5.21 3.32 
2 2.78 4.23 7.00 4.67 
3 1.94 3.46 6.14 3.84 
X 2.13 3.59 6.12 3.94 
Intermediate 4 2.77 4,54 8.03 5.11 
5 1.72 3.04 4.30 3.02 
6 2.12 3.64 6.53 4.10 
X 2.20 3.74 6.29 4.08 
Horizontal 7 1.69 2.94 4.70 3.11 
8 2.16 3.78 5.96 3.97 
9 1.47 2.97 5. 08 3.17 
X 1.77 3.23 5.25 3.42 
X for plant densities • 2.03 3.52 5.88 
LSD of means 
Density = .13 
Orientation = .09 
Density x orientation = .16 
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Table l6. Above ground dry matter yield (kg/ha) in 1972 
Leaf 
orientation Inbred Plant density (plants/ha) X for 
group line 39,000 79,000 158,000 line 
Upright 1 4,136 6.513 9,573 6.737 
2 8 , 374 12,096 12,118 10,862 
3 7,186 9,607 11,883 9.562 
X 6,558 9.405 11,188 9.058 
Intermediate 4 9,472 12,622 14,136 12,073 
5 5,044 6,648 8,789 6,827 
6 8,172 13.340 14,438 11,983 
X 7,567 10,874 12,454 10,291 
Horizontal 7 6,894 8.934 9,271 8.363 
8 6,961 8,475 9.988 8.475 
9 7,522 8,049 11,221 8,934 
X 7.130 8,486 10,156 8.587 
X for plant densities 7,085 9.585 11,266 
LSD 0^ of means 
Density =303 
Orientation = 480 
Density x orientation = 830 
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Table 17. Above ground dry matter yield (kg/ha) in 1973 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) X for 
line 39,000 79,000 158,000 
Upright 1 5.762 8,329 10,694 8,262 
2 7,993 9,450 11,165 9,528 
3 7,163 9,046 11.277 9,159 
X 6.773 8,946 11,042 8.990 
Intermediate 4 11,479 13,228 14,573 13,093 
5 5,437 6,928 8,239 6,861 
6 9,058 11,681 14,876 11.871 
X 8,654 10,616 12,566 10.605 
Horizontal 7 6,423 8,777 10,033 8,407 
8 5,672 6,681 8.138 6.838 
9 6,367 8,845 10.358 8.520 
X 6.154 8,105 9.517 7,925 
X for plant densities 7,264 9,215 10.042 
LSD of means 
Density = 73^ 
Orientation = 493 
Density x orientation = 852 
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Table 18. Shelled grain yields (kg/ha x 10 in 1972 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39.000 79,000 158,000 
X for 
line 
Upright 1 200.9 498.1 502.6 400.5 
2 89.5 25.5 28.8 48.2 
3 381.9 545.9 699.8 542.7 
X 224.0 356.4 410.3 330.5 
Intermediate 4 138.1 381.1 257.6 259.2 
5 105.7 53.0 30.4 63.2 
6 351.5 507.9 370.6 409.9 
X 198.5 313.9 222.2 244.2 
Horizontal 7 40.9 120.7 95.2 85,4 
8 333.7 423.2 187.5 314.7 
9 443.5 524.5 527.7 498.6 
X 272.6 356.0 270.1 299.7 
X for plant densities 231.7 342.2 300.1 
LSD of means 
Density = 38.3 
Orientation = 30.0 
Density x orientation = 52.0 
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Table 19. Shelled grain yields (kg/ha x 10"^) in 1973 
Leaf 
orientation Inbred Plant density (elants/ha) X for 
group line 39.000 79,000 158,000 line 
Upright 1 342.2 430.5 407.4 393.7 
2 185.1 105.3 81.0 123.9 
3 307.4 482.4 532.2 440.6 
X 278.2 339.4 340.2 319.5 
Intermediate 4 503.8 662.2 364.5 510.3 
5 318.3 307.0 109.8 245.0 
6 526.9 494.5 387.6 469.4 
X 449.6 488.0 287.1 408.2 
Horizontal 7 187.1 315.5 226.8 243.0 
8 349.1 223.2 117.0 229.6 
9 437.8 509.9 380.3 442.7 
X 324.8 349.5 241.4 305.4 
X for plant densities 354.2 379.0 289.7 
LSn of means 
Density = 55.1 
Orientation = 30.0 
Density x orientation = 51.8 
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Table 20. Summary of the analysis of variance for grain yield 
conducted on 2 years data 
Source of variation d.f. Mean square 
Replication 7 
Plant density 2 806,325** 
Error A 14 101,219 
Leaf orientation 2 78,066 
Plant density x leaf orientation 4 479,312** 
Lines within leaf orientations 6 4,494,126** 
Plant density x lines (orientations) 12 285.435** 
Error B 168 54,535 
Total 215 
••Significant at .01 level of confidence. 
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Table 21. Plant heights (cm) measured in 1972 
Ijeaf 
orientation 
group 
Inbred 
line 
Plant density (ulants/ha) X for 
line 39,000 79,000 158,000 
Upright 1 105.5 126.3 130.5 120.8 
2 192.5 203.5 211.0 202.3 
3 130.8 145.8 157.8 144.8 
X 142.9 158.5 166.4 155.9 
Intermediate 4 162.3 178.5 181.8 174.2 
5 109.8 126.0 129.8 121.8 
6 166.8 178.5 183.3 176.2 
X 146.3 161.0 164.9 157.4 
Horizontal 7 140.5 158.8 165.0 154.8 
8 144.8 158.0 163.5 155.4 
9 144.8 166.3 171.8 160.9 
X 143.3 161.0 166.8 157.0 
X for plant densities 144.2 160.2 166.0 
LSD 05 of means 
Orientation = 3.2 
Density x orientation =5.5 
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Table 22. Plant heights (cm) measured in 1973 
Leaf 
orientation Inbred Plant density (plants/ha) X for 
group line 39,000 791000 158.000 line 
Upright 1 122.3 129.8 136.5 129.5 
2 182.5 191.8 196.8 190.3 
3 124.5 136.8 152.8 138.0 
X 143.1 152.8 162.0 152.6 
Intermediate 4 155.8 169.0 182.5 169.1 
5 109.5 119.5 133.5 120.8 
6 166.0 181.5 188.3 178.6 
X 143.8 156.7 168.1 156.2 
Horizontal 7 127.3 145.3 155.8 142.8 
8 142.5 151.8 152.3 148.8 
9 146.0 157.8 168.5 157.4 
X 138.6 151.6 158.8 149.7 
X for plant densities 141.8 153.7 163.0 
LSD of means 
Density = 3.6 
Orientation = 2.3 
Density x orientation = 4.0 
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Table 23. Ear heights (cm) measured in 1972 
Leaf 
orientation Inbred Plant density (plants/ha) X for 
group line 39,000 79,000 158,000 line 
Upright 1 54.5 67.5 71.0 64.3 
2 95.3 105.3 113.0 104.5 
3 62.8 71.8 82.8 72.4 
X 70.8 81.5 88.9 80.4 
Intermediate 4 76.5 87.3 97.3 87.0 
5 56.0 63.0 65.5 61.5 
6 61.8 75.3 84.8 73.9 
X 64.8 75.2 82.5 74.1 
Horizontal 7 65.5 78.8 85.8 77.0 
8 57.5 62.3 67.8 62.5 
9 78.0 85.8 96.0 86.6 
X 67.0 75.6 83.5 75.4 
X for. plant densities 67.5 77.4 85.0 
LSD of means 
Density = 2.0 
Orientation = 2.4 
Density x orientation = 4.2 
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Table 24. Ear heights vcïû) ïûeasur •ed in 1973 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79,000 158,000 
X fo] 
line 
Upright 1 66.0 71.0 77.3 71.4 
2 87.3 88.8 95.8 90.6 
3 65.8 71.0 80.8 72.5 
X 73.0 76.9 84.6 78.2 
Intermediate 4 84.5 89.8 102.0 92.1 
5 54.8 60.0 64.3 59.7 
6 68.8 81.3 89.8 79.9 
X 69.3 77.0 85.3 77.2 
Horizontal 7 61.8 66.5 73.3 67.2 
8 62.0 65.8 65.3 64.3 
9 80.8 85.5 92.5 72.6 
X 68.1 72.5 77.0 72.6 
X for plant densities 70.2 75.5 82.3 
LSD of means 
Density = 3.0 
Orientation = 1.8 
Density x orientation = 3.I 
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Table 25. Extinction coefficients calculated for canopies in 
1972 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39.000 79.000 158,000 
X for 
line 
Upright 1 
2 
3 
78 
53 
,64 
.96 
.49 
.68 
.63 
.46 
.49 
.79 
.49 
. 60  
.65 .71 .53 .63 
Intermediate 4 
5 
6 
.76 
.81 
.60 
.75 
.71 
.61 
.48 
.77 
. 6 2  
67 
77 
61 
.73 .69 .63 68 
Horizontal 7 
8 
9 
.79 
.65 
.93 
.69 
.68 
.85 
.55 
.70 
.88 
67 
,68 
.89 
.79 .74 .71 74 
X for plant densities .72 .71 .62 
LSD of means 
Density = .10 
Orientation = .06 
Density x orientation = .10 
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Table 26, Extinction coefficients calculated for canopies in 
1973 
orientation Inbred Plant density (plants/ha) 
group line 39.000 79,000 158,000 line 
Upright 1 .70 .60 . 56 .62 
2 .61 . 56 .44 .54 
3 .53 .55 .48 .52 
X .61 .57 .49 .56 
Intermediate 4 .61 .52 .54 .55 
5 .84 .74 .71 .76 
6 .67 .61 .70 . 66 
X • 71 .62 .65 .65 
Horizontal 7 .78 .76 .63 .72 
8 .58 . 66 . 66 .63 
9 .87 .68 .64 .73 
X .74 .70 .64 .69 
X for plant densities ,69 .63 .60 
LSD 0^ of means 
Density = .10 
Orientation = .07 
Density x orientation = .12 
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Table 27. Relative position of leaf flag point, 1973 (leaf 
blade length to flag point/length of leaf blade) 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79,000 158,000 
X foi 
line 
Upright 1 .63 .55 .63 .60 
2 .88 .88 .82 .86 
3 .73 .70 .71 .71 
X .75 .71 .72 .73 
Intermediate 4 .86 .82 .71 .80 
5 .60 .49 .56 .55 
6 .89 .77 .72 .80 
X .76 .69 . 66 .71 
Horizontal 7 .35 .36 .37 .36 
8 .41 • 38 .39 .39 
9 .33 .24 .45 .34 
X .37 .33 .40 .37 
X for plant den sities .63 .58 .60 
ISD_ 0 5  
Density 
means 
= .04 
Orientation = .04 
Density x orientation = .07 
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Table 28. Leaf angles (degrees above horizontal) of leaf 
blades at the leaf collar, 1973 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79,000 158,000 
X f 0 
line 
Upright 1 71.2 72.8 71.5 71.8 
2 70.7 74.8 74.9 73.4 
3 76.4 76.4 75.7 76.2 
X 72.8 74.6 74.0 73.8 
Intermediate 4 71.8 72.0 69.1 71.0 
5 55.6 56.3 59.4 57.1 
6 64.1 63.9 60.8 62.9 
X 63.8 64.1 63.1 63.7 
Horizontal 7 55.1 50.1 53.7 53.0 
8 50.4 51.6 54.4 52.1 
9 22.3 25.8 27.4 25.1 
X 42.6 42.5 45.1 43.4 
X for plant densities 59.7 60.4 60.8 
LSD 0^ of means 
Density = 3.6 
Orientation = 1.8 
Density x orientation =5*0 
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Table 29. Synthetic leaf orientation values (SLOV) computed 
for canopies in 1973 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79.000 158,000 
X f03 
line 
Upright 1 45.7 39.9 45.0 43.5 
2 62.9 66.4 61.2 63.5 
3 55' 8 53.7 53.8 54.5 
X 54.8 53.3 53.3 53.8 
Intermediate 4 62. 0 58.8 49.6 56.8 
5 33.7 28.3 34.1 32.0 
6 57.5 50.5 45.0 51.0 
X 51.1 45.8 42.9 46.6 
Horizontal 7 20.0 18.4 21.3 19.9 
8 21.2 20.1 22.2 21.4 
9 7.6 7.3 13.4 9.4 
X 16.3 15.5 18.9 16.9 
X for plant densities 40.7 38.2 38.4 
LSD of means 
Density = I.7 
Orientation = 2.5 
Density x orientation = 4.3 
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Table 30» Length of leaf blades measured, 1973 (average of 
second, fourth, sixth, and eighth leaves) (cm) 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) X fo] 
line 39.000 79.000 158,000 
Upright 1 59.3 58.1 57.1 58.1 
2 74.6 74.7 71.3 73.5 
3 60.8 61.2 60. 5 60.8 
X 64.9 64.6 63.0 64.2 
Intermediate 4 72.7 66.6 64.2 67.8 
5 71.9 67.4 68.1 69.1 
6 59.6 58.4 56.4 58.1 
X 68.0 64.1 62.9 65.0 
Horizontal 7 79.6 81.8 82.0 81.1 
8 69.3 70.8 71.8 70.6 
9 58.2 54.7 57.9 56.9 
X 69.0 69.0 70.6 69.6 
X for plant densities 67.3 66.0 65.5 
LSD 05 means 
Density = 1.3 
Orientation = 1.7 
Density x orientation = 3.0 
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Table 31. Visual rating of flag tendencies^. 1973 (mean of 
second, fourth, sixth, and eighth leaves) 
Leaf 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39,000 79.000 158,000 
X fo] 
line 
Upright 1 2.00 2.31 2.19 2.17 
2 1.88 1.88 2.38 2.04 
3 1.94 2.06 2.00 2.00 
X 1.94 2.08 2.19 2.07 
Intermediate 4 1.75 1.88 2.38 2.00 
5 1.94 2.00 2.06 2.00 
6 1.50 2.19 2.06 1.92 
7 1.73 2.02 2.17 1.97 
Horizontal 7 2.19 2.13 2.00 2.10 
8 2.25 2.25 2.12 2.21 
9 2.06 2.06 2.06 2.06 
X 2.17 2.15 2.06 2.13 
X for plant densities 1.94 2.08 2.14 
LSD of means 
Density = .11 
Orientation = ,11 
Density x orientation = .20 
^See Figure 10 for flag tendencies rated 1, 2, or 3. 
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Table 32. li&ht interception (^) by canopy, July 6 (two-year 
means) 
leal 
orientation 
group 
Inbred 
line 
Plant density (plants/ha) 
39.000 79,000 158,000 
X for 
line 
•Upright 1 36 58 69 55 
2 50 68 83 67 
3 45 56 83 6l 
X 44 61 79 61 
Intermediate 4 57 76 85 73 
5 45 66 81 64 
6 52 67 86 68 
X 51 69 84 68 
Horizontal 7 61 78 92 77 
8 55 73 89 72 
9 45 66 85 65 
X 54 72 89 72 
X for plant densities 50 68 84 
LSD of means 
Density = 5 
Orientation = 3 
Density x orientation = 6 
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Table 33. Light interception (?$) by canopy, August 15 (two-
year means) 
oriStftion inbred Plant density (plants/ha? 
group line 39,000 79,000 158,000 
2 78 89 95 
3 67 83 91 
69 86 93 
X for 
line 
Upright 1 63 86 93 so 
87 
80 
83 
Intermediate 4 84 93 97 
5 75 88 96 86 
6 75 89 97 88 
X 78 89 97 88 
Horizontal 7 76 90 95 
9 73 88 96 
87 
8 73 92 98 87 
86 
74 90 96 87 
X for plant densities 74 88 95 
LSD 0^ of means 
Density = 4 
Orientation = 3 
Density x orientation = 4 
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Table Summary of the analysis of variance for total tassel 
material conducted on 2 years data 
Source of variation d. f. Mean square 
Replication 7 
Plant density 2 
Error A 14 
Leaf orientation 2 
Plant density x leaf orientation 4 
Lines within leaf orientation 6 
Plant density x lines (orientation) 12 
Error B l68 
Total 215 
66,799** 
873 
94,054** 
3,363** 
38,529** 
2,509** 
969 
**Significant at .01 level of confidence. 
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Table 35» Kernel weight (&/300 kernels), 1973 
Leaf 
orientation Inbred Plant density (plants/ha) X for 
group line 39.000 79.000 158 ,000 li: ne 
Upright 1 60.36 55.31 68 .20 61 .29 
2 82.69 80.83 78 .13 80 .55 
3 56.35 55.54 57 .90 56 .60 
X 66.47 63.89 68, .08 66 .15 
Intermediate 4 102.50 98.14 99. 19 99 .94 
5 70.79 80.13 77. 87 76 .26 
6 88.14 80.52 68. 23 78. 96 
X 87.14 86.26 81. 76 85. 05 
Horizontal 7 89.36 85.17 80. 70 85. ,08 
8 64.03 62.07 55. 12 60. 41 
9 66.54 60.30 56. 16 61. ,00 
X 73.31 69.18 63. 99 68. 83 
X for plant densities 75.64 73.11 71. 28 
